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(54) IRON-BASED ALLOY MAGNET MANUFACTURING METHOD AND DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an iron-based alloy magnet having a crystalline 
phase structure which cannot be obtained through a usual liquid quenching method. 
SOLUTION: A method of manufacturing an iron-based alloy magnet comprises a quenching 
process (primary roll period) of forming the supercooled liquid of a material alloy 
by quenching the melt of an iron-based alloy magnet material alloy, and a 
temperature control process (secondary roll period) of temporarily heating the 
supercooled liquid before the temperature of the supercooled liquid drops to a glass 
transition point Tg or below. Therefore, the alloy is cooled down following a 
cooling route P6, so that a quench alloy containing crystal phases B sand C can be 
obtained. 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim 1]A manufacturing method of an iron group alloy magnet which includes a 
quenching process which forms a supercooled liquid of said raw material alloy by 
quenching a molten metal of a raw material alloy for iron group alloy magnets, and a 
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temperature control process of performing temporary heating and/or quenching to said 
alloy before temperature of said alloy becomes lower than a glass transition point. 
[Claim 2]A manufacturing method of the iron group alloy magnet according to claim 1 
which includes that said quenching process contacts a molten metal of said raw 
material alloy for iron group alloy magnets on the surface of a rotating quenching 
roll, and makes said alloy band-like by it. 

[Claim 3]A manufacturing method of the iron group alloy magnet according to claim 2 
which includes that said temperature control process performs heating and/or 
quenching to said alloy which is moving in a process in which said alloy made 
band-like is moving with rotation of said quenching roll in space. 
[Claim 4]A manufacturing method of the iron group alloy magnet according to claim 3 
which said temperature control process contacts said alloy made band-like on the 
surface of a rotating secondary roll, and includes performing heating and/or 

?uenching to said alloy by it. 
Claim 5]A manufacturing method of the iron group alloy magnet according to claim 3 
which includes that said temperature control process contacts said alloy made 
band-like on the surface of at least one pair of rotating secondary rolls, and rolls 
said alloy by it. 

[Claim 6]A manufacturing method of the iron group alloy magnet according to any one 
of claims 1 to 5 which includes further a process which heats said alloy which fell 
to a temperature lower than a glass transition point after said temperature control 
process, and advances crystallization and/or crystal growth by it. 
[Claim 7]A manufacturing method of the iron group alloy magnet according to any one 
of claims 1 to 5 which includes further a process of grinding said alloy which fell 
to a temperature lower than a glass transition point after said temperature control 
process . 

[Claim 8]said alloy — R-TM-X (an iron-group transition metal element in which R 
contains a rare earth element and TM contains Fe not less than 70%.) A manufacturing 
method of an iron group alloy magnet given in claims 1-7 whose X is a rare earth 
alloy of boron and/or a carbon mold and, as for below 15 atom % and whose X, below 
30 atom % and TM are [ R / more than pentatomic % / more than pentatomic % ] the 
remai nders . 

[Claim 9]A manufacturing method of the iron group alloy magnet according to claim 8 
whose mean particle diameter of said R2TM14X compound said alloy contains a Nd2 Fel4B 
type R2TM14X compound after said temperature control process, and is 1 nm or more 50 
nm or less. 

[Claim 10]ln a quenching process which forms a supercooled liquid of said raw 
material alloy by quenching a molten metal of a raw material alloy for iron group 
alloy magnets, and a process in which said alloy gets cold by free heat dissipation 
after said quenching process. A manufacturing method of an iron group alloy magnet 
which includes a temperature control process at which heating and/or quenching are 
carried out to said alloy, and an average crystal grain diameter generates 1-nm or 
more a fine crystal phase of 50 nm or less by it before temperature of said alloy 
falls to a room temperature level. 

[Claim 11]A manufacturing method of a bond magnet which includes a process of 
preparing powder of an iron group alloy magnet produced by a manufacturing method of 
the iron group alloy magnet according to any one of claims 1 to 10, and a process of 
fabricating said powder. 

[Claim 12]A magnetic manufacturing installation characterized by comprising the 
followi ng . 

A quenching roll which generates an alloy thin band which cools a molten metal of an 
iron group alloy and is in a supercooled liquid state. 

A thermostat which performs heating and/or quenching to said alloy thin band in a 
process in which said alloy thin band is moving with rotation of said quenching roll 
in space. 

[Claim 13]A manufacturing installation of the iron group alloy magnet according to 
claim 12 with which said thermostat has the secondary roll with which skin 
temperature was heated more than a glass transition point. 



[Translation done.] 
* NOTICES * 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

"Detailed Description of the invention] 

;oooi] 

^Field of the lnvention]Thi s invention relates to the manufacturing method and 
manufacturing installation of an iron group alloy magnet which have fine crystal 
structure. 
[0002] 

[Description of the Prior Art]A nano composite magnet is an iron group alloy magnet 
which those phases combined magnetically including two or more kinds of fine crystal 
phases. Although it is predicted theoretically that a nano composite magnet 
demonstrates the high performance which exceeds the haplotype magnet which makes a 
Nd2Fel4 B phase a main phase, the nano composite magnet with the performance which 
was excellent such at present is not put in practical use. 

[0003] In the conventional method of manufacturing a nano composite magnet, the 
quenching alloy which contains both the quenching alloy of an amorphous state or an 
amorphous phase, and a fine crystal phase from a molten metal by fluid rapid 
quenching, such as a melt spinning process, is produced first. Then, the process of 
causing crystallization is performed by reheating these quenching alloys. 
[0004]when based on the melt spinning process performed using the roll for 
quenching, a molten metal is contacted on the surface of the rotating roll, by it, 
the heat of an alloy is taken and quenching is performed. The cooling rate at the 
time of this quenching is adjusted by controlling the supply rate of a molten metal, 
and the surface velocity of a quenching roll. 

[0005]The time when the alloy touches the quenching roll is very short. For this 
reason, the alloy which is still in a high temperature state (for example, 700-900 
**) will be continuously breathed out from a surface of action with a quenching 
roll. The alloy of a high temperature state is in the state where it extended for a 
long time in band-like, and while heat is taken by the surrounding atmosphere, it 
gets cold further to a room temperature grade. 
[0006] 

[Problem(s) to be Solved by the lnvention]Drawing 1 is a graph which shows the 
temporal change of the alloy temperature in the case of forming a quenching alloy 
from a molten metal using the conventional rapid quenching. The vertical axis of a 
graph shows the temperature of an alloy and the horizontal axis shows the lapsed 
time from contact with a molten metal and a quenching roll by the logarithmic 
display, if hyperquenchi ng is started so that drawing 1 may show, the alloy (molten 
metal state) which suited the temperature which exceeds melting point TM at first 
will be quickly cooled during the contact with a quenching roll, after starting 
contact with a quenching roll. Solid line P0 which connects the point a and the 
point b into the graph of drawing 1 for the temperature change (cooling course) of 
this period shows. The point a shows the time of the molten metal of an alloy 
contacting the surface of a quenching roll, and the alloy temperature at that time. 
On the other hand, the point b shows the time of an alloy separating from the 
surface of a quenching roll, and the alloy temperature at that time. The period from 
the point a to the point b is about 0.2-2 milliseconds, and change of the 
temperature in the period is about 400-900 **■ As for a certain grade, the profile 
of solid line P0 can be controlled with sufficient reproducibility as mentioned 
above by adjusting roll surface speed, a molten metal supply rate, etc. of a 
quenchi ng rol 1 . 

[0007]On the other hand, the cooling rate of the alloy after separating from a roll 
is governed by the temperature of the controlled atmosphere with which an alloy 
contacts, a pressure, the kind, etc. The cooling rate of an alloy belt is sharply 
changed by whether the alloy belt after roll exfoliation contacts the wall of a roll 
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rapid cooling device, and a pars basilaris ossis occipitalis. 
[0008]Thus, according to conventional technology, the alloy temperature after 
exfoliating from a quenching roll was not fully controlled or optimized, but was 
left to low free radiational cooling (natural heat radiation) of reproducibility. 
Therefore, in a certain case, it might be cooled at the comparatively quick rate, 
and, in other cases, the alloy might be cooled at the comparatively late rate, in 
the graph of drawing 1, solid line Pi and P2 show the example of a different cooling 
course in a free radiational-cooling period, respectively. Relatively, the cooling 
course shown by solid line Pi corresponds, when a cooling rate is quick, and 
relatively, the cooling course shown by solid line P2 corresponds, when a cooling 
rate is slow. 

[0009]Even if an alloy controls cooling course PO in the period in contact with a 
quenching roll by high accuracy, when the cooling course of the alloy after 
exfoliating from a quenching roll is left to free radiational cooling, a completely 
different crystal phase according to change of the cooling course under free 
radiational cooling will be generated in an alloy. The temperature-segment of time A 
by which a certain crystal phase A is generated is illustrated by the graph of 
drawing 1. Although solid line P2 is crossing this field A, solid line Pi is not 
crossing. In this case, although the crystal phase A is generated by the alloy 
cooled along with solid line P2, the crystal phase A will not be generated by the 
alloy cooled along with solid line Pi, but it will be in an amorphous state. 
[0010]The crystal phase which constitutes a nano composite magnet is a 
non-equilibrium phase crystallized at the time of hyperquenchi ng or subsequent heat 
treatment, and exists in metastable in an alloy in ordinary temperature. The kind 
and quantity of this non-equilibrium phase are kinetically determined by the balance 
of the diffusion rate of an element and the speed of advance of a transformation 
interface which constitute an alloy. Therefore, in a temperature-time flat surface 
as shown in drawing 1, the alloy which passed various cooling courses at the time of 
quenching (path) will contain a different composition phase. 

[0011] Drawi ng 2 shows the graph of drawing 1, and the similar graph. The point of 
difference from drawing 1 is at the point that the generation field of the crystal 
phase B and the crystal phase C is illustrated in addition to the crystal phase A. 
In the case of the example shown in drawing 2, the crystal phase B is substantially 
generated by the alloy cooled along with solid line P3, and the crystal phases A and 
C are hardly generated. On the other hand, in the case of the alloy cooled along 
with solid line P4, the crystal phase A will occupy most. 

[0012]Thus, according to the conventional method, even if cooling parameters, such 
as revolving speed, the molten metal amount of supply, etc. of a quenching roll, 
were the same, there was a case where different alloy structure was obtained. And 
when this obtained the product of the stable quality, it was very inconvenient. 
[0013] Accordi ng to the conventional method, the phase made into the purpose among 
two or more non equilibrium crystal phases cannot be formed selectively. For 
example, the case where he would like to generate the crystal phase C of drawing 2 
is assumed, in this case, even if it follows what kind of cooling course realizable 
by free radiational cooling, the quenching alloy which contains the crystal phase C 
as a main phase cannot be obtained. Therefore, in order to have obtained the alloy 
which contains the crystal phase C as a main phase, after forming an amorphous alloy 
with a very early cooling rate, this amorphous alloy needed to be heated quickly, 
and also isothermal maintenance needed to be carried out, and the crystal phase C 
needed to be generated. However, in order to have performed such a heat treating 
method, control of the temperature-up rate, etc. were difficult and it was very 
difficult to form economically and stably the non equilibrium metal texture made 
into the purpose. 

[0014]This invention is made in view of these many points, and the main purpose is 
to provide the manufacturing method of the iron group alloy magnet which can form 
economically and stably the non equilibrium metal texture made into the purpose. 
[0015]Other purposes of this invention are to provide the manufacturing installation 
of a suitable iron group alloy magnet to enforce the manufacturing method of the 
above-mentioned iron group alloy magnet. 
[0016] 

[Means for Solving the Problem]A manufacturing method of an iron group alloy magnet 
by this invention by quenching a molten metal of a raw material alloy for iron group 
alloy magnets, A quenching process which forms a supercooled liquid of said raw 
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material alloy, and a temperature control process of performing temporary heating 
and/or quenching to said alloy before temperature of said alloy becomes lower than a 
glass transition point are included. 

[0017]ln a desirable embodiment, said quenching process contacts a molten metal of 

said raw material alloy for iron group alloy magnets on the surface of a rotating 

quenching roll, and includes making said alloy band-like by it. 

[0018]ln a desirable embodiment, said temperature control process includes 

performing heating and/or quenching to said alloy which is moving in a process in 

which said alloy made band-like is moving with rotation of said quenching roll in 

space. 

[0019]ln a desirable embodiment, said temperature control process contacts said 
alloy made band-like on the surface of a rotating secondary roll, and includes 
performing heating and/or quenching to said alloy by it. 

[0020]ln a desirable embodiment, said temperature control process contacts said 
alloy made band-like on the surface of at least one pair of rotating secondary 
rolls, and includes rolling said alloy by it. 

[0021]ln a desirable embodiment, said alloy which fell to a temperature lower than a 
glass transition point is heated after said temperature control process, and a 
process which advances crystallization and/or crystal growth by it is included 
further. 

[0022]ln a desirable embodiment, a process of grinding said alloy which fell to a 
temperature lower than a glass transition point is further included after said 
temperature control process. 

[0023]ln a desirable embodiment, said alloy is a rare earth alloy of a R-TM-X 
(iron-group transition metal element [ for which R contains a rare earth element and 
TM contains Fe not less than 70% ], and X are boron and/or carbon) mold, and, as for 
more than pentatomic %, TM of R is [ more than pentatomic % / below 15 atom % / 
below 30 atom % ] the remainder X. 

[0024]ln a desirable embodiment, a Nd2 Fel4B type R2TM14X compound is contained after 
said temperature control process, and mean particle diameter of said R2TM14X 
compound is 1 nm or more 50 nm or less. 

[0025]Manufacturi ng methods of an iron group alloy magnet by this invention are a 
quenching process which forms a supercooled liquid of said raw material alloy by 
quenching a molten metal of a raw material alloy for iron group alloy magnets, and a 
process in which said alloy gets cold by free heat dissipation after said quenching 
process, Before temperature of said alloy falls to a room temperature level, heating 
and/or quenching are performed to said alloy, and an average crystal grain diameter 
includes a temperature control process of generating 1-nm or more a fine crystal 
phase of 50 nm or less, by it. 

[0026]A manufacturing method of a bond magnet by this invention includes a process 
of preparing powder of an iron group alloy magnet produced by a manufacturing method 
of which iron group alloy magnet of the above, and a process of fabricating said 
powder. 

[0027]A manufacturing installation of an iron group alloy magnet by this invention 
is provided with the following. 

A quenching roll which generates an alloy thin band which cools a molten metal of an 
iron group alloy and is in a supercooled liquid state. 

A thermostat which performs heating and/or quenching to said alloy thin band in a 
process in which said alloy thin band is moving with rotation of said quenching roll 
in space. 

[0028]ln a desirable embodiment, said thermostat has the secondary roll with which 
skin temperature was heated more than a glass transition point. 
;0029] 

.Embodiment of the lnvention]The quenching process which forms the supercooled 
iquid of a raw material alloy when the manufacturing method of the iron group alloy 
magnet by this invention quenches the molten metal of the raw material alloy for 
iron group alloy magnets. Before the temperature of this supercooled liquid becomes 
lower than a glass transition point (Tg) , the temperature control process of heating 
or quenching a supercooled liquid temporarily is included. "Quenching" here shall 
mean taking the heat of an alloy at the rate in which atmosphere is quicker than the 
rate which takes heat from an alloy, and reducing alloy temperature with a cooling 
rate quicker than the cooling rate by free radiational cooling by free radiational 
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cool i ng . 

[0030]with "the supercooled liquid (supercooling solution) of an alloy" used on 
these specifications. "The alloy whose alloy temperature it is an alloy with glass 
transition point (glass-transition-temperature or vitrification transition 
temperature) Tg, and is higher than glass transition point Tg and which is in an 
amorphous state lower than melting point Tm" shall be meant, in this specification, 
all will use wording of "a supercooled liquid (supercooling melt)" and "the alloy in 
a supercooling state" as a thing with the same meaning as "the supercooled liquid of 
an alloy." 

[0031]ln order to perform special temperature control processing to the alloy in a 
supercooled liquid state before the temperature of the supercooled liquid produced 
by the quenching process as mentioned above becomes lower than glass transition 
point Tg in this invention, The crystal phase composition of the request which is 
not obtained depending on the natural heat dissipation which carried the controlled 
atmosphere can be obtained certainly. 

[0032]Hereafter , the fundamental concept of this invention is explained, referring 
to drawing 3. 

[0033]Drawing 3 is a graph which shows the temporal change of the alloy temperature 
in the case of forming a quenching alloy from a molten metal using fluid rapid 
quenching. The vertical axis of a graph shows the temperature of an alloy and the 
horizontal axis shows the lapsed time (logarithmic display) from contact with a 
molten metal and a quenching roll. 

[0034]ln drawing 3, the "primary roll" quenched the molten metal by quenching means, 
such as a single roll or a congruence roll, and has referred to the period which 
forms the belt (ribbon) of a supercooled liquid state by it. Heat was taken from the 
alloy belt which is distant from the surface of a quenching roll via atmosphere, and 
"free radiational cooling" has referred to the period automatically cooled by it. 
The "secondary roll" has pointed out the period which contacts an alloy thin band 
and a secondary roll and performs temperature control of an alloy thin band, before 
the temperature of an alloy belt falls below to glass transition point Tg. 
[0035]Solid line P5 in drawing 3 shows the conventional cooling course, and solid 
line P6 shows the cooling course in the case of being based on this invention. After 
cooling course P6 passes through the generation field of the crystal phase B on the 
way, it passed through the generation field of the crystal phase C, and has reached 
the room temperature level. By following this cooling course, it becomes possible to 

?enerate the crystal phase B in a quenching alloy. 
0036]Accordi ng to this invention, by performing special heat treatment (in this 
case, heat-treatment) to the alloy belt in a cooling-off period, a different 
temperature-change profile from the temperature-change profile in the case of being 
based on free radiational cooling is realized, and it becomes possible to control a 
metal texture by it so that drawing 3 may show. 

[0037]Since it is easy to carry out plastic deformation of the supercooled liquid, 
if it is before the temperature of the alloy thin band in a supercooled liquid state 
becomes lower than glass transition point Tg, it can stick an alloy thin band and a 
secondary roll, and can perform uniform temperature control processing. On the other 
hand, in order in the case of the rapid solidification alloy cooled to a temperature 
lower than glass transition point Tg for there to be no deformabi 1 i ty in an alloy 
and to fracture by application of pressure, it cannot stick to a secondary roll and 
homogeneity, but it becomes difficult to perform temperature control for which it 
asks with sufficient reproducibility. 

[0038]Since it will be easy to carry out plastic deformation if the alloy contacted 
on a secondary roll is in a supercooled liquid state like this invention, it is easy 
to fabricate the alloy thin band which pressurizes and changes an alloy using a 
secondary roll (rolling), and has homogeneous thickness, in this case, it is 
preferred to keep the alloy thin band which makes the number of rotations of a 
secondary roll quicker than a primary roll, and is supplied from a primary roll 
(quenching roll) from accumulating before a secondary roll. Complicated temperature 
control processing with arbitrary temperature profiles may be performed by arranging 
other rolls and heaters on the latter part from the position of a secondary roll. 
[0039]Hereafter , the desirable embodiment of the iron group alloy magnet by this 
invention is described. 

[0040] [Presentation] The iron group alloy magnet produced with the manufacturing 
method of this invention is a R-TM-X type rare earth permanent magnet. Here, the 
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iron-group transition metal element in which, as for R, a rare earth element and TM 
contain Fe not less than 70%, and X are boron and/or carbon. As for the composition 
ratio of X, as for the composition ratio of R, more than pentatomic % occupies [ 
more than pentatomic % / below 15 atom % / below 30 atom % ] the remainder, as for 
the composition ratio of TM. 

[0041] Si nee a Nd2 Fel4B type R2TM14X compound does not deposit enough by less than 
pentatomic % in the composition ratio of the rare earth element R, hard magnetic 
property is not obtained. Since iron and iron group boride does not deposit if the 
composition ratio of the rare earth element R exceeds 15 atom %, it does not become 
a nano composite organization and high magnetization is not obtained. For this 
reason, as for the range with preferred composition ratio of R, more than pentatomic 
% is below 15 atom %. 

[0042]when the composition ratio of X is less than pentatomic %, even if it uses a 
melt quenching method, a supercooled liquid state cannot be generated. On the 
contrary, if the composition ratio of X exceeds 30 atom %, an R2 Fel4B type compound 
phase will not deposit and hard magnetic property will not be obtained. For this 
reason, as for the range with preferred composition ratio of B, more than pentatomic 
% is below 30 atom %. As for the more desirable range of the composition ratio of X, 
more than six atom % is below 20 atom %. 

[0043]TM occupies the content emainder of an above-mentioned element. Since both 
Curie temperature of coercive force Hcj and an R2Fel4 B phase increases by replacing 
a part of Fe by Co, magnetic heat resistance improves. The substitution percentage 
over Fe of Co is 0.5% or more of 15% or less preferably. 

[0044]One sort or two sorts or more of elements M of aluminum, Si, Ti , V, Cr, Mn , 
Cu, Zn, Ga, Zr, Nb, Mo, Ag, Hf, Ta, w, Pt, Au , and Pb may be added for the purpose 
of improvement in magnetic properties, or expansion of the optimal 
heat-treatment-temperature region. Since magnetization will fall if the composition 
ratio of the alloying element M exceeds ten atom %, as for the range with preferred 
composition ratio of the alloying element M, more than zero atom % is below ten atom 
%. As for the more desirable range of this composition ratio, more than 0.1 atom % 
is below pentatomic %■ 

[0045]when forming a Fe3B/Nd2 Fel4B system nano composite magnet from the 
above-mentioned iron group alloy, it is preferred to restrict the rare earth element 
R and the composition range of X as follows. 

[0046]Rare earth element R:5-7atom% -- desirable -- 5-6atom%X: 15-30atom%. When 
forming 15-22atom% and an alpha-Fe/Fe 3B/Nd2 Fel4B system nano composite magnet 
preferably, it is preferred to restrict the rare earth element R and the composition 
range of X as follows. 

[0047]Rare earth element R:5-13atom% -- desirable -- 6-12atom%X: 7-15atom%. When 
forming 8-12atom% and also an alpha-Fe/Nd 2Fel4B system nano composite magnet 
preferably, it is preferred to restrict the composition range of the rare earth 
elements R and B as follows. 

[0048]Rare-earth-element R: They are 7-15atom% and a figure showing the embodiment 
of the manufacturing installation of an 8-14atom%X: 5-10atom% and according [ 
5-8atom% [manufacturing installation] drawing 4 ] to this invention preferably iron 

?roup alloy magnet preferably. The device currently illustrated is provided with the 
oil owing. 

The nozzle 3 emitted while heating the molten metal 1 with the heater 2. 
One pair of quenching rolls 4 for cooling the molten metal 1. 
The secondary roll 6 which performs temperature control processing to the 
supercooled liquid 5 of the alloy cooled by the quenching roll 4. 

The heater 7 which holds the surface of the secondary roll 6 to the temperature of a 
prescribed range. 

The hearth 9 of the molten metal 1 is formed between one pair of quenching rolls 4. 
[0049]The infrared thermal image metering device 10 for measuring the temperature 
change of the supercooled liquid 5 of an alloy is shown in drawing 4. According to 
this device 10, the temperature of each part of an alloy can be measured and it 
becomes possible to ask for the temporal change of alloy temperature by it. 
[0050] Al though the alloy in a supercooled liquid state is heated with the secondary 
roll 4 in the example of composition of drawing 4, it may be made to heat-treat by 
non-contact to the alloy belt which arranges near the moving trucking of an alloy 
thin band, other heater means, for example, infrared lamp ANIRA etc., etc., and 
moves so that it may flow (flight). Heating/cooling systems, such as two or more 
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pairs of secondary rolls and/or lamp ANIRA, may be arranged complexly, and the 
composition which can realize a complicated temperature profile may be adopted. 
[0051] [Manuf acturi ng method] The embodiment of the manufacturing method of the iron 

?roup alloy magnet by this invention is described hereafter. 
0052]Accordi ng to this embodiment, the molten metal which has first the 
presentation mentioned above is produced, it quenches using the device shown in 
drawing 4, and the supercooled liquid state of an alloy is formed. Then, an R2 Fel4B 
type compound phase is made to generate in an alloy by performing temperature 
control processing to the alloy (temperature more than a glass transition point) of 
a supercooling state. Skin temperature performs this processing using the secondary 
roll (congruence roll) 6 held at the not less than 100 ** range of 800 ** or less. 
By performing this temperature control processing, it becomes possible to generate 
the crystal phase which must have been generated depending on free radiational 
cooling in a quenching alloy. 

[0053]Accordi ng to this embodiment, temperature control processing with the 
congruence roll 6 is performed, giving a pressure to an alloy with the congruence 
roll 6. The supercooled liquid of the above-mentioned alloy has big deformability, 
and since it is also in a possible state to express it as "metallic glass melt", 
hot-rolling will be performed with the congruence roll 6. Since it was in the 
supercooled liquid state, and it is very soft, when in the case of this embodiment 
the alloy at the time of contacting the congruence roll 6 sets thickness of the 
alloy before application of pressure with the congruence roll 6 to t and makes t' 
thickness of the alloy after application of pressure (rolling), it is possible to 
make rolling reduction (t'/t) or less into 0.9. with such rolling, since uniform 
contact with the congruence roll 6 and an alloy is realized with sufficient 
reproducibility, the reproducibility of heat treatment to a supercooled liquid 
improves . 

[0054]ln order to obtain the above supercooled liquids, the single chill roll method 
and congruence chill roll method which used the roll kneader are suitably 
employable, if a molten metal is quenched with such a melt quenching method with the 
cooling rate of 10 3k / second - 10 5K / second, a supercooled liquid will be 

?enerated in the process cooled from 800 ** by 500 **. 
0055]what is necessary is just to carry out roll surface speed of a roll kneader in 
not less than 2 m/second 20 m/second or less, in order to perform the 
above-mentioned cooling using a single chill roll method. Since a cooling rate 
becomes less than 10 3k / second when roll surface speed is less than a second in 2 
m /, a quenching alloy serves as a crystalline substance, without becoming a 
supercooled liquid. Since rolling synchronizing with the roll for cooling will 
become difficult if roll surface speed exceeds a second in 20 m /, it becomes 
impossible to perform rolling of a supercooled liquid. The range with a preferred 
roll surface speed is not less than 3 m/second 15 m/second or less. 
[0056]what is necessary is just to carry out roll surface speed in not less than 2 
m/second 18 m/second or less, in order to perform the above-mentioned cooling using 
a congruence chill roll method. Since a cooling rate will become less than 10 3k / 
second if roll surface speed is less than a second in 2 m /, a quenching alloy 
serves as a crystalline substance, without becoming a supercooled liquid. Since it 
will become a rapid solidification alloy immediately after an alloy exfoliates from 
a quenching roll if roll surface speed exceeds a second in 18 m /, it becomes 
impossible to supply a secondary roll with a supercooled liquid state. 
[0057]As for the distance between congruence rolls at the time of obtaining a 
supercooled liquid, it is preferred to use not less than 100 micrometers 1000 
micrometers or less, when the distance between congruence rolls is less than 100 
micrometers, since an alloy receives rolling with the quenching roll itself, it 
cannot become a supercooled liquid easily, when the distance between congruence 
rolls exceeds 1000 micrometers, since it becomes difficult to quench, it is not 
desirable. The range with a preferred distance between congruence rolls is not less 
than 120 micrometers 300 micrometers or less. 

[0058]ln order to produce the supercooled liquid of an alloy with a melt quenching 
method, it is preferred to make quenching atmosphere into the inert gas atmosphere 
of 50 or less kPa. when ambient pressure power exceeds 50kPa, a controlled 
atmosphere becomes is easy to be involved in between the surface of a roll kneader, 
and a molten metal, if the contamination of such a controlled atmosphere occurs, in 
order that a gas pocket may arise on the surface of an alloy belt, and uniform 
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quenching may not be attained but a quenching organization may become uneven, it 
becomes difficult to form a supercooled liquid stably. Especially the range of 30 or 
less kPa with a preferred pressure of a controlled atmosphere is about 10 kPa. 
[0059]lf there is a pressure of 5 or more MPa when heating the quenching alloy of a 
supercooled liquid state using a congruence roll, it is possible to carry out 
plastic deformation of the quenching alloy, if the pressure applied to an alloy is 
increased, it will be necessary to strengthen the bearing and trestle part of a 
secondary roll. For this reason, the range with a preferred pressure used for 
rolling is 500 or less MPa of 5 or more MPa. The surface velocity of the congruence 
roll for heating is adjusted according to rolling reduction, and it is more 
preferred than the raw material speed by the side of ON to set up quickly 5 to 20%. 
As for the surface velocity of a secondary roll, since an alloy belt will accumulate 
between a quenching roll and a secondary roll if the surface velocity of a secondary 
roll is slower than the surface velocity of a quenching roll, it is preferred that 
it is quicker than the surface velocity of a quenching roll. 

[0060]ln order to start the temperature control processing to an alloy, maintaining 
a supercooling state, it is preferred to heat the surface of a secondary roll to not 
less than 100 ** a temperature requirement 800 ** or less, when the skin temperature 
of a secondary roll is less than 100 **, it is not desirable in order that an alloy 
may crystallize and harden immediately, when the supercooled liquid of an alloy 
arrives at the surface of a secondary roll, when the skin temperature of a secondary 
roll exceeds 800 **, since alloy temperature rises rapidly and crystal nucleation 
speed becomes quick too much, it is not desirable. 

[0061]lt becomes what differed in the heat flow produced between a secondary roll 
and an alloy with the relation between the temperature of an alloy when beginning to 
contact a secondary roll, and the skin temperature of a secondary roll, when the 
temperature of a secondary roll is relatively high, heat flows into an alloy from a 
secondary roll, and heating of an alloy with a secondary roll is performed. On the 
other hand, when the temperature of a secondary roll is relatively low, heat flows 
into a secondary roll from an alloy, and cooling of an alloy with a secondary roll 
is performed, in this invention, since it aims at realizing a different temperature 
profile (temperature changing rate pattern) from free radiational cooling by 
atmosphere, a temperature change which cannot be realized in free radiational 
cooling and which was fully controlled can be performed to an alloy by performing 
heating and quenching of an alloy with a secondary roll. 

[0062]As construction material of the roll kneader used for quenching, it is 
preferred to adopt pure copper, a copper alloy, iron, brass, tungsten, and bronze 
from a thermally conductive viewpoint. It is preferred from a point of a mechanical 
strength and economical efficiency to use also in these the alloy which uses copper, 
iron or copper, and iron as the main ingredients. 

[0063]As material of roll of a secondary roll, a coefficient of thermal expansion is 
small and material with high hardness at the time of heating is preferred. For 
example, carbon steel, die steel, high speed steel, W-C, molybdenum, ceramics, etc. 
are employable. It is preferred to use carbon steel and die steel also in these at a 
point with the high hardness at the time of heating, and the outstanding economical 
efficiency. 

[0064] Al though this embodiment explains the example which performs temperature 
control processing using a secondary roll, temperature control processing in this 
invention may be performed as mentioned above using heating/cooling system of other 
types, generally, when using a secondary roll, the contact period of an alloy belt 
and a secondary roll surface is comparatively alike -- it is short (0.2-2 
milliseconds) -- if a long heating zone and cooling zone are established in the 
field through which an alloy belt passes, it will become possible to continue 
comparatively long time (50-1500 milliseconds) and temperature control processing. 
[0065]Heat treatment using a publicly known thermal treatment equipment may be 
performed still more nearly additionally for the purpose of raising magnetic 
properties by growing up a crystal phase in an amorphous matrix, or raising a degree 
of order to the alloy after finishing the above-mentioned temperature control 
processing. Before performing this additional heat treatment, an alloy belt may be 

? round coarsely. 
0066]The iron group alloy magnet produced by the above method may be applied to 
various kinds of devices in various modes. After grinding hereafter the iron group 
alloy magnet produced with the manufacturing method of this invention, how to 
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manufacture a bond magnet using the powder is explained briefly. 

[0067]First, a compound is produced by adding and kneading the binder and additive 
agent which become the powder of the above-mentioned iron group alloy magnet from an 
epoxy resin. Next, after carrying out press forming of the compound all over an 
orientation magnetic field with molding equipment, a final bond magnet can be 
obtained through a heat cure process, a washing process, a coating process, an 
inspection process, and a magnetization process. This bond magnet is used suitably 
for various motors and actuators. 

[0068] [Crystal structure] The metal texture of the iron basic alloy magnet produced 
with the manufacturing method of this invention has the nano composite structure 
where the soft magnetic phase of iron or iron group boride and the hard magnetism 
compound phase which has an R2 Fel4B type crystal structure are intermingled. 
[0069]Each average crystal grain diameter of the above-mentioned soft magnetic phase 
and a hard magnetism compound phase is 1 nm or more 50 nm or less, if the average 
crystal grain diameter of each composition phase exceeds 50 nm, the switched 
connection between each crystal grain child will become weaker, and a hard magnetic 
phase and a soft magnetic phase will dissociate magnetically. Only the 
characteristic that a demagnetization curve will be two steps is demonstrated, but 
it becomes impossible therefore, to obtain the outstanding hard magnetic property. 
Although the smaller one of the mean particle diameter of the above-mentioned 
crystal grain is preferred, since it is difficult for an average crystal grain 
diameter to produce the powder below 1 nm industrially, the minimum of an average 
crystal grain diameter may be 1 nm. 

[0070]The whole organization of an alloy magnet does not need to be a crystalline 
substance, and the amorphous phase may exist. Since the exchange interaction 
committed among each crystal grain child can weaken moderately when about 20% or 
less of amorphous phase remains by the volume ratio, the optimal integrated state is 
acquired rather magnetically and hard magnetic property may improve, if the volume 
ratio of an amorphous phase increases exceeding 20%, magnetization will fall. For 
this reason, in such a case, it is preferred that below 20 volume % carries out the 
rate of an abundance ratio of an amorphous phase. 
[0071] 

[Example]ln each following example, after quenching the molten metal with the melt 
quenching method using the device shown in drawing 4 and forming a supercooled 
liquid state by it, it heat-treated with the congruence roll arranged on the lower 
berth, and the nano composite magnet was manufactured. 

[0072] (Example 1) The empirical formula dissolved the raw material alloy in which 
Nd4 . 5Fe76 . 5B18 . 5Nb0 . 5 is expressed using the crucible which has an orifice 1 mm in 
diameter at the pars basilaris ossis occipitalis first. Dissolution atmosphere was 
argon gas of 30kPa. when the temperature of a raw material alloy molten metal became 
about 1350 **, the molten metal was dropped at the surface of the quenching roll 
which rotates with the peripheral velocity of 2 m/second, and the quenching process 
was performed. 

[0073]Thus, the temperature of the quenched alloy was measured by the infrared image 
picturizing method. A result is shown in drawing 5. An alloy shows the cooling 
course of the period cooled by contact with a quenching roll by the line which 
connects the point b from the point a in drawing 5. The alloy was temporarily cooled 
radiationally automatically, after separating from a quenching roll. In this 
example, the course shown with a dashed line from the point b of drawing 5 was 
followed, and cooling of the alloy advanced. 

[0074]ln this example, the secondary roll was rotated with the peripheral velocity 
of 2.2 m/second, and the skin temperature was set as 850 **■ The alloy contacted the 
secondary roll in c point of drawing 5, and it was heated for about 0.5 
milliseconds, receiving modification with a secondary roll. Then, the alloy belt 
seceded from the secondary roll and went into the heating section 45 cm in length, 
while [ about 0.2 second ] passing along the heating section, the alloy belt was 
heated to the temperature of the point d of drawing 5, and it reached the recall 
container, flying and cooling the inside of an inert gas atmosphere radiationally 
after that. 

[0075]The alloy generated through such a cooling course was a nano composite alloy 
in which Fe3 B phase, a Nd2Fel4 B phase, and few Fe23B6 phases exist in an amorphous 
host phase. This alloy showed the permanent magnet characteristic and was Br=0.8T 
and HcJ=220 kA/m. 
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[0076]when the amorphous phase was thoroughly crystallized by heat-treating this 
alloy, each of above-mentioned crystal phases grew, and it became a nano composite 
magnet whose average crystal grain diameter is about 20 nanometers. The magnetic 
properties at that time were Br=0.9T and Hc3=280 kA/m. 

[0077] (Comparative example 1) It dissolved like Example 1 and the same alloy as 
Example 1 was quenched with the roll which rotates with the peripheral velocity of 6 
m/second. He left the alloy belt for cooling radiationally automatically after roll 
secession. Alloy temperature fell in monotone along the dashed line which passes 
along the point c from the point b of drawing 5, and reached the temperature near a 
room temperature as it is. 

[0078]This rapid solidification alloy was an amorphous alloy which does not contain 
a crystal phase substantially, when magnetic properties were measured, the coercive 
force HcJ was 4 kA/m, and was a soft magnetic material. 

[0079] (Exampl e 2) The empirical formula dissolved the raw material alloy in which 
Nd4 . 5Fe77Bl8 . 5 is expressed using the crucible which has an orifice 1 mm in diameter 
at the pars basilaris ossis occipitalis first. Dissolution atmosphere was argon gas 
of 30kPa. when the temperature of a raw material alloy molten metal became about 
1280 **, the molten metal was dropped and quenched on the surface of the quenching 
roll which rotates with the peripheral velocity of 2 m/second. 

[0080]Thus, the temperature of the quenched alloy was measured by the infrared image 
picturizing method. A result is shown in drawing 6. The cooling course of a period 
in which the alloy is cooled by contact with a quenching roll is shown in drawing 6 
by the line which connects the point b from the point a. The alloy was temporarily 
cooled radiationally automatically, after seceding from a roll, in drawing 6, the 
course shown with a dashed line from the point b was followed, and cooling of the 
alloy advanced. 

[0081]ln this example, the secondary roll was rotated with the peripheral velocity 
of 6.6 m/second, and the skin temperature was set as 600 **. in c point of drawing 
6, the alloy belt contacted the secondary roll, and it was quenched for about 0.1 
milliseconds, receiving modification with a secondary roll. Then, the alloy belt 
separated from the secondary roll in respect of [ d ] drawing 6, and it reached the 
recall container, flying and cooling the inside of an inert gas atmosphere 
radiationally. 

[0082]The collected alloy was constituted by the amorphous phase and the Fe23B6 
phase, when this alloy was heated for 50 minutes at 680 **, the Fe23B6 phase, Fe3 B 
phase, and the Nd2Fel4 B phase crystallized, and it became a nano composite magnet. 
Magnetic properties were Br=l.lT and HcJ=240 kA/m. 

[0083] (Comparative example 2) It quenched from drawing 6 ****a to the point b with 
the quenching roll which dissolves the same alloy as Example 2 on the same 
conditions, and rotates with the peripheral velocity of 6 m/second. Then, it cooled 
to near the room temperature by natural radiational cooling. 

[0084]The collected alloy was constituted by the amorphous phase and Fe3 B phase, 
when this alloy was heated for 50 minutes at 680 **, Fe3 B phase and the Nd2Fel4 B 
phase crystallized, and the magnetic characteristics of Br=1.0T and HcJ=220 kA/m 
were shown. 

[0085]The temperature-time chart of the crystallizing reaction shown in drawing 5 
and the graph of drawing 6 is constituted by investigating in detail the crystal 
phase of the alloy in which cooling processes differ, and is written in into a graph 
additionally because of explanation of a phenomenon. The diagram by the side of a 
short time of a graph may not necessarily be exact. Even if it becomes clear that an 
error is contained by future more detailed research in a diagram, the essence of 
this invention is not spoiled. 
[0086] 

[Effect of the inventi on] Accordi ng to this invention, a cooling course can be 
controlled by rapid quenching in the process in which a quenching alloy is produced 
from a molten metal, and the non equilibrium metal texture made into the purpose can 
be formed economically and stably. For this reason, it becomes possible to produce a 
highly efficient nano composite magnet with sufficient reproducibility. 



[Translation done.] 
* NOTICES * 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 

Brief Description of the Drawings] 

Drawing l]lt is a graph which shows the relation of the temperature of an alloy and 
apsed time which are cooled by the melt spinning process. The vertical axis of a 

?raph shows the temperature of an alloy and a horizontal axis shows the lapsed time 
rom contact with a molten metal and a quenching roll. 

[Drawing 2]They are other graphs which show the relation of the temperature of an 
alloy and lapsed time which are cooled by the melt spinning process. The vertical 
axis of a graph shows the temperature of an alloy and a horizontal axis shows the 
lapsed time from contact with a molten metal and a quenching roll. 

[Drawing 3]lt is a graph which shows the relation of the temperature of an alloy and 
lapsed time which are cooled by the manufacturing method of the iron group alloy 
magnet by this invention. The vertical axis of a graph shows the temperature of an 
alloy and a horizontal axis shows the lapsed time from contact with a molten metal 
and a quenching roll. 

[Drawing 4]lt is a lineblock diagram showing the embodiment of the manufacturing 
installation of the iron group alloy magnet by this invention. 
[Drawing 5]lt is a graph which shows the relation of the alloy temperature and 
lapsed time about Example 1 and the comparative example 2 of a manufacturing method 
of an iron group alloy magnet by this invention. The vertical axis of a graph shows 
the temperature of an alloy and a horizontal axis shows the lapsed time from contact 
with a molten metal and a quenching roll. 

[Drawing 6]lt is a graph which shows the relation of the alloy temperature and 
lapsed time about Example 2 and the comparative example 2 of a manufacturing method 
of an iron group alloy magnet by this invention. The vertical axis of a graph shows 
the temperature of an alloy and a horizontal axis shows the lapsed time from contact 
with a molten metal and a quenching roll. 
[Description of Notations] 

1 Molten metal 

2 Heater 

3 Nozzle 

4 Quenching roll 

5 The supercooled liquid of an alloy 

6 Secondary roll 

8 Quenching alloy 

9 The hearth of a molten metal 
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DRAWINGS 

[Drawing 1] 



Page 12 



JP-A-2001-319821 

[Drawing 2] 
[Drawing 3] 
[Drawing 4] 
[Drawing 5] 
[Drawing 6] 
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tZmMZ-£&%t°LX &&fmeyiMGffi*ft o tm 
SrfliLTV'i.g) „ 

[003 5] H3tf>WSiKPB«4fl!5tWD?^]|a»*^ 

l , mmp 6 i4*»rafc: ± 4 msmsMimzz^L x v ^ 

[0036] H3j&»Jf>*»b»S J: o fc. *fMHfcJ:*Uf , 
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mmmm) zm,-?ztiz£->x. nmm^zn^co 

z mm l . wz x o xikmrnrnz mm-th r t 
t&4, 

[0037] ^a^iiffitt^L^t-V^,:^. 51^ 

$ -tec ^-^sjgpK^as- ft 5 z t 4 . £ 

-T. *tt4aSiH!Bf*SStt^ < HfrT 4 <r t #H18fc: 

&4. 

[0 0 38] 2|s^BHf5«t-5t=. 2iJcn— /I^fcSaBS-fri 
ft. 2&n-;W£fflVvC-£h&£JnJ±U (JEM 

9 i3$< L. l^n-;tx (A&n-/P) *»4>«»S 
ti4i^fe?? ^2<^n-;^^mi^*t* L3r^ =fc 3 £-f 
Sif:«Uv 2ifcn— A^fla^DftKfc: 

[00 39] iilT. i 4*yt#AatB«jff* L 

[0040] 3^ffiB«iBi*i£-cf3IS*i*«fe 

K^fiffitA. R-TM-XlWfllffitl)^. i 
£T\ RJi#±?l7U*. TKiF e £ 7 0 %jyj:#if$c 

h. £fz. RoffifiJciWii 5 JR? %£Lt l 5 JE-?%Jil 
T, XC0ffl^Jt*{i5JM^%iyJi3 0JS^%J2JlT. TM 

[004 1] #±^7U3lRcO*l)SJt^5JS^%*iiT' 
li;Nd 2 Fe 14 Bi«R 2 TM„ X<ffc^Hfl&«-HttrfH t & 

L V ^fEHJi 5 fff %J£LL 1 5 4 . 

[0042] X^fflj£Jt» 5If%*)l^ii, j& 
ffcHJ#3;£fflV i. , »frffl^^i& »T 4 - fc # 

5 m?%&±. 3 o m^%&.TTh 4 . x ^ffi^it*^ ± 

•904 U^EH(A6M^%kLL2 OM^iaTC**. 
[0043] TMIi, ±^<07CS<7)^-*^^ £#>4„ 



-r 4 ot\ mGcomm\i&\in±-? 4 . c o <?o f e t*f$- 

£ ffiftltett. # * L < « 0 . 5 %]2JLh 1 5 %J2TTC* 

[0044] ^^coi&ii^i^aa^^o^ 

SrgeiJt LTs A 1 „ Si, Ti, V, Cr. Mn s C 

Zn, Ga, Zr, Nb, Mo. Ag. Hf. T 
a. W. Pt, Au. PbOlSX(i:2aiil±<7)7t;#M 

^muLxh^K jsaieaifMfoffljfttWEjfi* i ojk^% 

4. i^)«JiUfc*WDJ:t)if4LV^«Hl±0. \U^%^X 

[0045] ±E«OiaE^A*»feFe 8 B/Nd 2 
Fe 14 B^yny*V>y hSBFE^JKaWft»^4, # 
±«7cfSRfc iVXOffl^lEH^i^T^ «£ a t^JRB^S 

[0046] #±»Jc*R : 5~7M-?%. iKKIi 

X : 1 5~3 0J1^%. fiKlil 5-2 2JS^% 

a-Fe/Fe 3 B/Nd 2 Fe H BSf/3^ 

[0047] ^±pjn«R : 5- 1 3If%, 04 L< 
Ji6— 1 2M^% 

X : 7-1 5JE^%. »4L<{±8~1 2W,T% 
Ht, a-Fe/Nd 2 Fe H Blty3y^7MS 
5^^Jj!c^-4%^(i:. #±^7n«Rfc=t^'BOffiJiSctBH 
£ J2TF^ J: 3 tfflRR*- 4 £ fc 4U\ 
[0048] #±Pjc«R : 7- 1 5M^%. 04 L< 
l±8-14If% 

X : 5-1 0m?%* 04t<{±5-8JR^% 

li. -&A»»l*b-^2fc:J:o , rJlflRL**»6ftaj-f 

syx/Ht, &&mm 1 &j^h-*«:«>^> i Mom^ 

— * 7 £ SflSiT ^4 . 1 n<?)m§n-)VA cOHfcti. 
1 0?S^4 0 9^fig;§ix4 . 

[0049]%£, H4t;ti. ^coii^ai?g«c5coia 
fl0Bfl:*SI5&r 4 fcft<WMM&Mfl@ffl&iE 1 0 ^ 
§^TV^4» Zc?MWl Otiixii'. ^»»<0iftK* 
iffl^T 4 ; t . ^ixt; i ^ X-k&VSKwmSMk 
Sr^ft4;k^flgt^r4o 

[00 50] Ea4<0tBjfi«-eii, 2?£n-;P4 fc i^T 
J»&aiiaE*ttJBfc: * 4 ^SrJnSft LT ^ 4 & . ffio b - 
* , f^J If #^hll 5 > T T - - 5 K * -S&m 
SWBiEilCilL. 3£h.4 J; 3 ^ff «J (fRfi 1 ) "T4 
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&&mzn tx , ^Nsafcrawsi* Mr?- x a t lt *> & 
[0051] [westfe] kit. *mnzz&jm&& 

^■a^^bJc^-^-So .ro^siis ^Bissau o o*c 

0 OT^T^IffiHfcfiUtSti^ 2 iJcn-A- ( jKo 
[00 53] *ISH9BirCtt, ;Rn-/l/6lcj;£?SJKii| 

mmmz. wxi-jvbi.zx^x^^zm^m-^ti^ 
swrtfcw. *nm&m<otgr&, y-xu-ji-etm 

* t U Jnffi ( JEE5E ) f^^-#<J0iP§ * t ' fc L£*§ 
JET* ( t ' /t ) £0 . 9jaTfci-«ik*^riB 

[00 54] ±3z£co=fc o 5rf»ftSliS**»4fc»tcli, 
miz i o 1 0 3 K/#~ 1 0 5 K/#cD^£P 

ss-es^-rs t , 8oo°c#>^5oo °c*-c^ai-f 
[0055] Mtv-frM^zm^xtmco&mzmi 

-fh t(±, EM6n— ;K?5n— ;t«®*BE* 2 m/tyVXk. 
2 0m /QSATIZ -tlx ft & ^ > . n-^raait* 1 2 m/ 
»*TEI4«^, J^BaflS^l 0 3 K/#*}j5fi;%&*: 

<fc, n-^ffi2^'2 0 m/fMSi 4 i: , i^fflfflcO 

mmmmcDM t l t ^smi 3 m/$wa± 1 5 m/mxr 

X'foh* 

[00 56] «n-;m^2rffl^T±ie^fflSrl^f 
■T* fcli, n-;^H53LS& 2 m/fm±. 1 Sm/mJ. 
-Rr^Ufmv^ o-ZUSBMS^' 2m/^T®l» 
k . fe£B£Ktf 1 0 3 K k * 6 fcfc . Stffr&A 



SMI LfcItt«£S?fr*B££ fc 4 4 fcft , 

[00 57] 3»MJI»«:*»« R«5Rn-;HfflHi(i. 
1 0 0 p. mlM± 1 0 0 0 p. mJJlTfc-f 4 - k L 
v\ 5Rn— ;HBBBK# 1 0 0jum£TIII£*£\ 

mmmz^ o t < ;Rn— /nausea* 1000/xmj 

n-;HSIiE«|«?)#^ L V ^tEH«i 120m mjaLfc 300/x 

[00 58] JS*SJ«fefc J: oT-^A«5i»aBI**ff 
S-f-S fcli. ^SHmS: 5 0 k P aiilTO^Stt^X 
SHM^-rs.! bifiSt m-MU&ti^ 5 0 k P a 
iMz-&Mi$. ®mv-j\s(Vmmb-£r&iWtmbcr>mizm 

Iffkh. #HM^'xoj±^io»i L^iEHJi. 3 0 kP 

atiTs # 1 1 o k p ajgare* 4 . 

[00 59] ^n-^tfflv^TJi?&SeWtcR)ll«o«i?&^ 
ikZinm-ZM. 5MPaJBLhoJEE**«iMitr, 

^m^S-tirSt. 2^n-^t0WgttfcJ;^^&5fi 

if 4 LV vIEHU 5 M P a JJLh 5 0 0 M P a JSlTT* -2> . 

Afl [iJO^WilJK i 0^5-20 %M< iSS^- 5 <T k **» 

i 0 tguk , li^o-;l^k 2<*:a-;l'kcoPat-^^ 

mm o iatv^k***? t 

[0060] il^ai^S&iffiWL^^-^A^StrS^ 

0 0°CJil±8 0 0°ClilT^j$4SHt:JD»'f-S i k*^f 
4 L v \ 2 Jjcn— ;l^)fEBfifl66* 100 o C*Tlll4*4 

■6-, ^com^mm.^ 2 ix^-^mm^zmmttzm 

fiX-t <tz-£&m&te L . tiff 4 l < 

Or. ^i&mfimmz±.&Lx^ B m*£&imm&m< * 

[006 1 ] 2Sn-^ttttLt^| 1 k i O-^tfOiS 
k Sit k tf)BKc£ t S f&Mtifim% -ofzi>cr>b% 

2<ku~)v<Dim.ifinmmz-m^^^. sjw±2jjcn 

^i±-^-^^2^n-;Wc^. 2i)cn— 
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^^an^t^fi^ ■! k X 0 . i i^TliHil 

[0062] SUfrtMir^4HW6n— ;W?5»*i: LTii. 
JRfiS»tt««jS3&»6, MM. ft. Jttfi. 

[0063] 2&n-/I*Dn— AMi: LTti. 

[oo64] ^mm&mxn. 2<ku-;u^m^xi^s. 

M^^X^sLXhSkW -HR£« 2<Jen— rt^fcfflv* 
fcjfin ( 0 . 2~2 3 Vfp) ib\ &&&cr>ffiBrf&im 

s#r^ ( 5 o~i 5 o o s u#) . ajasmittii&ttft* 
[oo65] ±3i^mmmmm^mttzm<o^^zM 

h i k * s«fc, ^*acosftMa^«^ffl^!ti^a*s 

[0066] JSLh«^t£TfNRS*ifcife«^ASBF5tt, 
[0067] i^T. JJE«»&A«P5tfD«5fetX!K^ 

ft. jwssswkim, a^xg. a—r* y^xfs. «se 

XS, #ax^^rgT. «*$W£*>Kfilffi£#-g>;k 

x— * t Jff 5S t ffl l •> 6 tit . 
[0068] [*N&ffi3l] *«BB^)IBt*afc =fc oT# 

«3K14ffl k , R 2 Fe 14 BMIS B H B ffljt^*t-S «fiKtt<fb 



ft. 

[0069] ittvmmi&xx/mmte&mew 

Wffi&Stt. ntli> . 1 nmJil±5 0 nmJ3l"FC* 
*SSEt^lBJO^W^*gSi 0 . «&ttfflk«SK14ffl# 

*«, Affts^ i n m*mcomiZjmtiMz£j£r 
k-rft 0 

[0070] ^^50fflli^:*^iS B B H«T'^ft^ii 

%£jTn4mimimftLx ^ s #s» ^tc 

[0071] 

fzmifcMftmi l z£-?X&imW;*m%L. -ttHzX ->T 

[0072] (HJfi^lJ 1 ) i-T. Itt@# 1 mm^ U 7 
!t. ^ftl#HMii 3 0 k P a(?)T>l'Zf>tfXTfoifc. 

m^-^mm^m^mi 3 5 o°c^^o^^. 

[0073] ZC0£ 0 lzLXm%Lf^itcD&&$:m\- 
n —)Vh <7}&M iz£-?X<T3ffl£ti%> wm<7x%m 

[0074] *H]ffi^JT(i. 2^n-^2rM3lJ^2 . 2 

#^0. 5S'jm 2JJcn-/WcJ:*S5gfra(t** 1 

#t) o . 2 fpcom, ■S&ffii.M 5<?)jSd eoiELK i xwmz 
o«ft|lIJR«»fc:SE* Lfc . 

[0075] zco «t 3 4j^ii»*«a"c*iftS*ifc-&A 
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(4. Fe 3 Bffi. Nd 2 Fe 14 Bffi. ti£U\ {I#><7)Fe 

r = 0. 8T, H cJ =2 2 0kA/mt*-5t 
[0 0 7 6] i^^S&^ffl-f 4>I £ Ki-jtrtA- 

y^'yhaffifc^rofc. *<Ofc&0>«£H«feii, Br 

= 0. 9T, He J = 280kA/mTj)-)t„ 

[0077] ( jtts^j i ) i iii t^^mmm 

1 t R«t L-C JSJW L , JWIj$^ 6 m/^-CHIK-r 4 n- 

[0078] z<7)Mi%mm-&iki3.. sswwtsyifflfc-a- 

4 tc^T^/V? r *> tz . MMftttS: 

. *<9«Ifc*jH c ji±4 k A/mT"J5 0 , Wfflm~C$> 
•otZ. 

[0079] (mmM2 ) £-T. W&& 1 mm<7)^- >J 7 

e 77 B 18 . B tf5^SS*l.4flm^A*Jtllf tfc. ifflfSB 
M(43 OkPaO TiVdTyiJxrFh -o tz . JK&g&ftil 

OMUfcWKH 2 8 0°Ct^r-o^B#. jg^2m/#T'Hl 
[ooso] z.<n i 5 l/tS&U£#&0>fift£*$ r f- 

[0081] ^6«S0fC14. 2&u-/L-£jm«6 . 6 

m/^-cunKs-fr, JE-^HaKs 6 o oictRseL 

StifrSfufc. ^<0f&. ^AflR±H6<0jfidtT2 

[0 0 82] HIJRSn/t&Att, 7W7rXffltFe 
23 B 6 ffl5:tJ; DflllSSfVOvfc. dCO-^&Sr 6 8 0*C 
•C5 0 4MatBlfiR^4:. Fe 23 B 6 ffi, Fe 3 Bffi, N d 
s Fe 14 Bffi3WBhfWfcU h«&52:3r-5 
fc. atSSHfttti, B r =l. IT. H cJ = 24 0kA/ 

[0083] (it«w2) mmm2tm^^m-co 

[0084] HIJRLfc-&AI±T i E^7r^ffifcFe3B 



0 #|SHllS!rt"& fc , F e 3 Bffl&itfN d 2 F e 14 Bffl# 
ShfMfcU B r =l. 0T, H cj = 2 2 0 k A/mOfiS 

[0085]^ H5tJiVH6<0^57tt»t*Lft: 

its A^tRjejtfajaK - B#p a m@«4 . titmm<om% 4 

co*S B B H ffl £ PNftdPK 4 i t tz X -o tli L tz t> coTfo 

t «t*fc 4 . /57 constraint ft 4 KSUies-i* l 

[0086] 

impmti *muzxtut\ amnion 

4 ; 4: ifi? # 4 . i , atttg^)-t 7 3 y^^' v h 

[HI] y;VhXh-y^t;i-,T^JH§tL4^c7) 
?affii:eJi^Hli:<!Ol39«**-f ^77TS>4 . ^77(0 

[02] y^hxh°-y^tJ;' 5 T^a]2;ix4^c r ) 
^t^B#rBltt0M^S:*'rfi!lO^77T'^4 . ^"7 

[03] *miiz£&$&^m&emmjjmiz*'>T 

T"J>4. ^^y(DWm^^<7)MS.^L. &m&&& 

m&ts&n—nst comm* t> commas % . 
[04] *fmiizx&9&&&mE<7mmM?>mm 

[05] *wmz£&mm&M&wwm^m<nmim\ 

Zm~tyy yTfoh. 7=7 7<?ffltote&<nWS&m 

[06] *wmz x 4 &m&&m^<nmmim<nmm\ 
2&s. mmm 2 ^mrh^ms. t mmmmt «i 

Sr^f ^"7 7tl)l. o ^'^ ycoMWs s ^r&<r)&M£7f; 

1 ^if^ 

2 b-^ 

3 yx^ 

4 ^U~)V 

5 &&aiaM&m.#i 

6 2i^o— )V 
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8 



[01 ] 



[02] 



[03] 




[06] 



1B00 



l 1 ' ' "" - I 1 l 
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(51) Int. CI. 7 



F I 



(##) 



B 2 2 F 9/04 

C 2 1 D 6/00 

C 2 2 C 38/00 

H 0 1 F 1/053 



3 0 3 



B 2 2 F 9/04 

C 2 1 D 6/00 

C 2 2 C 38/00 

H 0 1 F 1/04 



3 0 3D 
H 



E 

B 



F — 4E004 DB03 TA03 TB02 TB04 



4K017 AA04 BA06 BB12 BB18 DA04 

DA05 EA03 
4K018 AA27 BA18 BB07 BD01 KA46 
5E040 AA03 AA04 AA19 BDOO CA01 

HBOO HB05 HB07 HB11 HB17 

HB19 NN01 NN06 
5E062 CC04 CC05 CD04 CE01 CE05 

CG01 CG02 CG03 



